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Abstract
Aim: The aim of this study was to retrospectively investigate the perioperative features and clinical outcomes in cesarean section (C/S) patients who underwent 
endotracheal intubation using direct laryngoscopy and Glidescope®  videolaryngoscopy (GSVL). 
Material and Methods: This retrospective study was performed using data gathered from the medical files of 179 C/S patients who underwent C/S under 
general anesthesia.  After the induction of anesthesia with intravenous injection of propofol 2 mg/kg, and vecuronium 0.1 mg/kg, orotracheal intubation was 
performed using either direct laryngoscopy or GSVL. The patients underwent C/S after endotracheal intubation using either direct laryngoscopy or GSVL. Group 
I (n=47) was intubated via direct laryngoscopy, while Glidescope® was used in Group II (n=132). 
Results: Baseline descriptives, craniofacial morphological measurements, duration of intubation and number of attempts for intubation, Cormack Lehane and 
Mallampati scores, as well as hemodynamic and respiratory parameters including blood pressure, heart rate, oxygen, and carbon dioxide levels were compared 
between two groups. The interincisal mouth opening (p=0.003) and CO2 levels (p=0.023) were increased in Group II. In Group I, the number of patients with 
protruding front teeth was higher than that in Group II (p=0.043).
Discussion: Our results demonstrated that the GSVL could be a safe, effective, and practical device for endotracheal intubation in patients scheduled for C/S. 
Our data imply that GSVL can be incorporated into routine clinical practice in obstetric anesthetic practice for C/S since it allows improved visualization of the 
larynx in pregnants without bringing any significant burden. 
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Introduction
Challenges encountered in the management of the airway and 
its associated risks of aspiration, maternal, and fetal hypoxia 
are the significant causes of morbidity and mortality associated 
with general anesthesia [1]. Pregnant women are known to have 
a failure rate for endotracheal intubation that is 5 to 7 times 
higher than that of non-pregnant women [2].
When a pregnancy is planned for a cesarean section (C/S), 
access to the airway can be challenging, especially when the 
typical anatomy is distorted and prevents the upper airway 
from being properly directly visualized with a laryngogram. 
In order to improve intubation, fiberoptic and videoscopic 
techniques can make it easier to image the laryngeal inlet. 
For patients who need tracheal intubation, videolaryngoscopy 
has the potential to boost the success rate of the procedure. 
The first videolaryngoscope to be sold commercially was the 
Glidescope®. The camera on the hyperangulated blade is linked 
to a video screen, which enhances larynx visibility. The utility of 
Glidescope® videolaryngoscopy (GSVL) must be considered in 
case of failure of direct laryngoscopy and blind intubation [3]. 
When compared to direct laryngoscopy, tracheal intubation 
performed by doctors with little intubation experience (10 
intubations per year) using the Glidescope® videolaryngoscope 
has a greater first-pass success rate and takes less time to 
complete [3]. Video technology has recently been introduced 
to facilitate the management of the upper airway since it 
provides a better vision for identification of the upper airway. 
Videoscopic intubation is contraindicated in high-grade upper 
airway obstructions and excessive secretions, which hinder the 
visualization of the upper airway. Therefore, anesthesiologists 
must be aware of the advantages and restrictions of GSVL for 
orotracheal intubation in pregnants scheduled for C/S [3,4]. 
The purpose of the present study was to compare the 
clinical features and perioperative findings in C/S patients 
who underwent orotracheal intubation utilizing either direct 
laryngoscopy and GSVL in our academic center.

Material and Methods
This retrospective study was performed by the Anesthesiology 
& Reanimation and Obstetrics & Gynecology Departments 
of our tertiary care center after the approval of the local 
institutional review board (10.03.2021/86). Data were extracted 
from medical files of 179 patients who underwent C/S under 
general anesthesia following orotracheal intubation with either 
GSVL (Group I, n=47) or direct laryngoscopy (Group II, n=132). 
Information regarding the age, height, weight, body mass index 
(BMI), pre-existenting or pregnancy-related diseases, American 
Society of Anesthesiologists (ASA) physical status, Mallampati, 
and Cormack Lehane laryngoscopic scores, number of attempts 
for intubation, duration of intubation and complications 
encountered during surgery were gathered from the hospital 
database. Intubation procedures were performed by two senior 
anesthesiologists with ≥ 5 years of anesthetic experience. 
Exclusion criteria were known airway pathology, cervical 
spine injury or other contraindication to neck extension, small 
mouth opening, ASA score of III or higher, ischemic heart 
disease, cerebrovascular disease, respiratory disease, and body 
mass index (BMI) > 35 kg/m2. Patients planned for C/S with 

ASA scores of I or II were considered eligible for this study. 
According to routine practice, all patients were pre-oxygenated 
for 5 minutes before the induction of anesthesia. Anesthesia 
was induced with fentanyl 2 µg/kg, vecuronium 0.1 mg/kg, and 
propofol 2 mg/kg injected through intravenous route [6]. 
The vast majority of patients (161, 89.9%) had a fasting period 
of 4 to 6 hours prior to C/S. The remaining 18 patients (10.1%) 
were anesthetized and operated without waiting for the fasting 
period due to the need for emergent C/S. Emergency C/S was 
performed due to fetal indications such as non-reassuring 
fetal status, fetal bradycardia, and prolapse of the umbilical 
cord or fetal limbs or maternal causes like placenta previa, 
ablatio placenta, eclampsia, previous uterine surgery, trauma, 
and uterine rupture. Failed tracheal intubation is described as 
unsuccessful attempts for placement of a tracheal tube using 
either direct laryngoscopy or alternative intubating equipment, 
the need to proceed with surgery with a non-elective unsecured 
airway or the need to abort intubation or surgery and awaken 
the patient before the surgery [7,8].
The Glidescope® GSVL was prepared according to the 
manufacturer’s instructions. The surface of the GSVL blade 
was adequately lubricated with a silicone-based lubricant. We 
have used the Glidescope® (Saturn Biomedical, Burnaby, BC, 
Canada), which has been commercially available after 2002. 
It is used both in adult and pediatric orotracheal intubation 
practice. It is comprised of a MacIntosh type laryngoscope 
blade and a curved laryngoscope blade with a fixed micro-video 
camera. The video image is transmitted to a high-quality LCD 
monitor with a cable. Currently, GSVL is often used in intensive 
care units and emergency departments where unique airway 
challenges may often occur. It can be rapidly performed and 
it is resistant to fogging and does not necessitate force for 
lifting. The Glidescope® allows a visualized control of insertion 
and advancement of an endotracheal tube. It facilitates 
the insertion of nasogastric tubes and transesophageal 
echocardiographic probes. The technique for GSVL is similar 
to direct laryngoscopy, it can be readily performed by the 
experienced anesthesiologist and it is excellent for teaching 
purposes. The disadvantages of Glidescope® involve high 
cost compared to direct laryngoscopic devices, the need for 
training, the difficulty to overcome barriers for visualization of 
the laryngeal opening and need for adequate mouth opening 
[3]. After successful intubation, the teeth, and oral cavity were 
examined for any signs of trauma. In case any bloodstains were 
detected on GSVL blade, direct laryngoscopy was performed to 
determine its source. GSVL intubation was omitted if patients 
were in Cormack Lehane grades III and IV and spO2 decreased to 
< 95% due to prolonged intubation procedure. After recognition 
of the failure of intubation procedure with GSVL, 100% oxygen 
was supplied using a facemask.
All patients were followed up for 24 hours postoperatively. 
During follow-up, the mouth, pharynx, and larynx were examined 
using indirect laryngoscopy and a tongue blade. Complications 
were recorded. Baseline descriptives (age, body-mass index, 
history of smoking and previous surgery), craniofacial 
morphologic features (tooth morphology, inter incisor distance, 
thyromental distance, mandibulohyoid distance, neck range of 
motion), American Society of Anesthesiologists (ASA) scores as 
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well as Mallampati and Cormack Lehane classes, postoperative 
dysphagia and sore throat, blood pressure, pulse rate, peripheral 
oxygen (O2) saturation and carbon dioxide (CO2) levels were 
recorded and compared between two groups. 
Anthropometric criteria used to predict difficult airway involved 
thyromental distance, mandibulohyoid distance, and interincisor 
distances. Thyromental distance was described as the distance 
from the mentum to the thyroid notch, while mandibulohyoid 
distance was measured from the chin to hyoid. The interincisor 
distance was defined as the distance between the upper and 
lower incisors [9]. 
Statistical analysis
Our data were analyzed using the Statistical Package for 
Social sciences program version 21.0 (SPSS Inc., Chicago, IL, 
USA). Descriptive data have been expressed as mean, standard 
deviation, median, minimum and maximum for qualitative 
variables, while categorical variables have been given as 
numbers and percentages. Normality was assessed using the 
Kolmogorov-Smirnov test. The significance of the difference 
between the 2 groups was tested with either the T-test or the 
Mann-Whitney U test. The Chi-square test was employed to 
analyze the relationship between categorical variables. Analysis 
of variance (ANOVA) was performed to compare repeated 
measurements between groups and various time intervals. A 
p-value <0.05 was considered statistically significant.

Results
Our series consisted of 179 women (average age: 31.54±5.67 
years). The body mass index was 32.04 ± 5.06. ASA status 
was I in 122 (68.2%) patients, while 57 patients (31.8%) had 
ASA status II. Comorbidities (hypertension, diabetes mellitus, 
etc.) were evident in 37 (20.7%) patients. C/S was primary in 
54 (30.2%) cases, while 125 patients had repeat C/S (69.8%). 
An overview of baseline descriptive data and clinical features 
is presented in Table 1. Patients were allocated into 2 groups 
according to the method used for orotracheal intubation. Group 
I (n=47) involved patients intubated using direct laryngoscopy, 

while Group II (n=132) included patients who underwent GSVL 
for intubation.
In 4 patients who were planned for GSVL, 6 attempts for 
intubation failed. In one of these patients, tonsil laceration 
was detected. In one patient, the initial attempt for intubation 
with direct laryngoscopy resulted in failure, and intubation was 
successfully performed using GSVL. 
All patients who underwent emergent C/S were successfully 
extubated after surgery, and no patients exhibited signs of 

Table 1. Baseline descriptives data

Mean± Std deviation Median [Min – max]

Age (years) 31.54±5.67 32 [18 – 44]

Body-mass index (kg/m2) 32.04±5.06 32.25 [21.56 – 61.64]

Number Percent

ASA Status
I 122 68.2

II 57 31.8

Comorbidity
No 142 79.3

Yes 37 20.7

Pregnancy-related disease
No 100 55.9

Yes 79 44.1

Type of C/S
Primary 54 30.2

Repeat 125 69.8

Previous surgery
No 44 24.6

Yes 135 75.4

Smoking habit
No 153 85.5

Yes 26 14.5

C/S: cesarean section; ASA: American Society of Anesthesiologists

Table 3. Comparison of hemodynamic and respiratory 
measurements with respect to groups and time interval

Table 2. Comparison of descriptive and clinical features 
between 2 groups

Intubation Total
Group I 
(n=47)

Group II 
(n=132)

p 
value

Blood 
pressure

Before 103±17.72 105.61±20.19 102.39±16.77 
0.317

After 104.71±20.87 106.56±24.32 104.08±19.60  

p-value 0.428

Pulse 
rate

Before 105.32±16.97 103.89±16.89 105.83±17.03 
0.184

After 108.81±18.97 105.43±19.71 110.02±18.62 

p-value 0.120

spO2

Before 99.25±1.03 99.19±0.83 99.27±1.09 
0.961

After 99.45±0.79 99.51±0.72 99.42±0.82 

p-value 0.007*

CO2 level 32.98±5.02 31.55±5.64 33.49±4.69 0.023*

spO2: peripheral oxygen saturation; CO2: carbon dioxide; *: statistically significant)

Group I (n=47) Group II (n=132)
p

value

Age (years) 30.91±5.33 31.77±5.79 0.379

Body-mass index (kg/m2) 31.25 [22.86 – 40.06] 31.24 [21.56 – 61.64] 0.802

Number of attempts for intubation  1 [1 – 3 ] 1 [1 – 3 ] 0.770

Mallampati score

1 9 (19.1) 32 (24.2)

0.886
2 27 (57.4) 68 (51.5)

3 10 (21.3) 29 (22.0)

4 1 (2.1) 3 (2.3)

Cormack Lehane 
class

1 24 (51.1) 72 (54.5)

0.561
2 17 (36.2) 50 (37.9)

3 6 (12.8) 9 (6.8)

4 0 (0.0) 1 (0.8)

Duration of intubation 40 [40 – 140] 40 [40 – 160 ] 0.358

Thyromental distance (cm) 8 [6 – 10 ] 8 [6 – 10 ] 0.699

Mouth opening (cm) 6 [4 – 7 ] 6.5 [4 – 8 ] 0.003*

Mandibulo-hyoid distance (cm) 11 [8 – 12 ] 11 [9 – 12 ] 0.382

Neck mobility 
Normal 44 (93.6) 125 (94.7)

0.725
Restricted 3 (6.4) 7 (5.3)

Teeth

Normal 38 (80.9) 121 (91.7)

0.043*Prosthesis 0 (0.0) 2 (1.5)

Overbite 
deformity 9 (19.1) 9 (6.8)

Postoperative sore 
throat 

No 35 (74.5) 108 (81.8)
0.280

Yes 12 (25.5) 24 (18.2)

Postoperative 
dysphagia

No 40 (85.1) 118 (89.4)
0.433

Yes 7 (14.9) 14 (10.6)

Preoperative 
fasting

Yes 42 (89.4) 119 (90.2)
0.877

No 5 (10.6) 13 (9.8)

(Hint: *: statistically significant)
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aspiration of gastric contents. The establishment of a surgical 
airway was not needed and no maternal mortality was detected 
due to general anesthesia for C/S in this series.
Table 2 displays a comparative presentation of baseline 
descriptives and clinical features in Groups I and II. Mouth 
opening was found to be significantly higher in Group II 
(p=0.003). Overbite deformity was more common in Group 
I (p=0.043). The other variables under investigation did 
not exhibit any remarkable differences between patients 
intubated via direct laryngoscopy and GSVL. Hemodynamic 
and respiratory parameters including blood pressure, pulse 
rate, peripheral oxygen saturation, and carbon dioxide levels 
before and after intubation are demonstrated in Table 3. Blood 
pressure and pulse rate values before and after intubation did 
not exhibit any noteworthy differences between the 2 groups. 
Peripheral oxygen saturation after intubation was found to be 
increased compared to that before intubation for the whole 
study population (n=179). Carbon dioxide levels in Group II were 
significantly higher than that in Group I (p=0.023).

Discussion
The treatment of anesthesia for various types of surgery 
has changed as a result of recent advancements in general 
anesthesia. The prioritization of avoiding general anesthesia 
in C/S led to insufficient efforts being made to optimize and 
improve emerging procedures in this subgroup [10]. 
Inability to breathe or oxygenate after general anesthesia 
was produced and problems with the airways associated 
with intubation failure are the leading causes of anesthesia-
related mortality in pregnant women. Due to the anatomical 
and physiological changes that take place during pregnancy, 
pregnant women are more prone to desaturation, difficult mask 
breathing, and failed intubation. Currently, videolaryngoscope 
is the preferred method in the event of a failed intubation. 
Videolaryngoscopes increase the success rate of unexpectedly 
difficult intubation in patients who have failed traditional 
direct laryngoscopy by giving appropriate glottis and vocal cord 
visualization [1]. 
In the operating theatre, the incidence of difficult tracheal 
intubations ranges from 1.2% to 3.8% in routine clinical 
practice, and increases to 5.3% in emergency situations. Up to 
600 people are thought to have died from tracheal intubation-
related problems. Particularly in patients with anatomical 
traits that can make tracheal intubation challenging, direct 
laryngoscopy does not always permit optimal viewing of the 
glottis [5,6]. The Glidescope can be used for routine intubations 
and difficult or failed intubations both in children and adults. It 
can be suitable for the high anteriorly positioned larynx where 
direct laryngoscopy has failed and in conditions where cervical 
immobilization is necessary or mouth opening is limited or in 
case of airway trauma with blood or secretions in the airway 
[6]. 
The anesthesiologists’ ability to manage the airway in pregnant 
patients planned for C/S is hampered by conditions such 
as shorter apnea times without desaturation, a higher risk 
of aspiration, tissue edema, mucosal hyperemia, and large 
breasts. Additionally, in a peripartum environment, the effects 

of intubation failure are more severe [11,12]. 
Complications of videoscopic intubation involve palatal 
perforation and hemorrhage. GSVL must be remembered as 
an option in cases of failure of ventilation and oxygenation. 
Mouth opening is an important parameter to be remembered 
during the selection of the method for intubation. Orotracheal 
intubation using a GlideScope® offers advantages of an easy 
and simple operation, and satisfactory laryngeal view in 
patients with a difficult laryngoscopy [13]. Trauma-related to 
intubation using the GlideScope is rare [13]. Our results support 
that GSVL is a favorable and safe way to establish an airway in 
selected C/S patients. 
We observed that mouth opening was significantly increased 
in patients who underwent intubation via GSVL. This difference 
may be attributed to the fact that GSVL cannot be performed 
in patients with a mouth opening < 18 mm. Similarly, overbite 
deformity may  be a factor that restricts mouth opening, and 
its incidence may be in patients who underwent intubation with 
direct laryngoscopy. An increase in carbon dioxide levels in 
patients intubated with GSVL may be linked with the delay due 
to the failed initial attempt via direct laryngoscopy. 
Hoshijima et al. reported that the hemodynamic response 
following tracheal intubation was not diminished by the 
GlideScope in comparison to the Macintosh laryngoscope [14]. 
Our results yielded that there was no difference between the 
two groups concerning neither the blood pressure nor pulse 
rates. This may be due to effective suppression of the pressure 
response to orotracheal intubation by general anesthesia. 
Practice and familiarity with the equipment are critical points 
for the successful use of GSVL in case of failure of direct 
laryngoscopic intubation. The key to successful use is proper 
training and anticipation of situations when their use may be 
necessary for C/S patients. 
Our limitations include retrospective design, information 
confined to the experience of a single center, and possible 
variations in the grading of Mallampati and Cormack Lehane 
scores, and ASA status. Since our institution is tertiary care 
with teaching facilities, an anesthesia resident may initially try 
the first attempt intubation and senior residents or attending 
anesthesiologists may take charge of the intubation procedure. 
The personal preferences for GSVL as the initial method of 
intubation may have led to an underestimation of the incidence 
of intubation failures. 
Conclusion
Increased awareness of possible risks, anticipation with 
challenging situations, familiarity with the new devices and 
improvement of skills with effective training programs are 
key points to optimize outcomes with general anesthesia and 
intubation procedures performed in C/S patients. The results 
of the present study yielded that orotracheal intubation via 
GSVL provides a safe, secure and practical method in C/S 
patients which may have additional risks and difficulties for the 
management of the upper airway. 
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